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For each lot of antipneumococcus horse serum there is a  definite 
optimal amount which confers on mice the maximal degree of protec- 
tion against large numbers of pneumococci (1).  With amounts of 
serum greater than this optimum, little or no protection is obtained. 
This negative effect is described as the "prozone."  Certain observa- 
tions have been reported as to the mechanism  underlying this phenom- 
enon (2), but a final analysis was not undertaken because of the curious 
fact that with antipneumococcus rabbit serum this prozone effect is 
not obtained. 
The present report consists of a comparative study of the protective 
action of antipneumococcus horse and rabbit serum in mice. 
EXPERIMENTAL 
Metkods.--The  details  of the general  experimental  methods have been given 
in  a  preceding  paper  (2),  and may be  summarized  as  follows: At determined 
intervals  after  infective  inoculation,  individual  mice  were  sacrificed  by  deep 
ether anesthesia and immediately after death the peritoneal  cavity of each animal 
was thoroughly washed out with 1.0 cc. of saline.  Leukocyte counts were made 
on this fluid by the method commonly used for blood.  Films of the peritoneal 
washings were stained  by the Gram technic,  and examinations  made of a large 
number  of  contiguous  microscopic  fields.  The  numbers  of  extracellular  and 
intracellular  pneumococci were recorded, and also in the same fields the numbers 
of white  cells showing phagocytosis  and  those  which  did  not  contain bacteria 
were noted.  From these  data the number of pneumococci per cubic millimeter 
of  peritoneal  washings  could  be  calculated 'with  reference  to  the  determined 
number of white  cells. 
The antipneumococcus  horse  and rabbit sera  employed  in these  experiments 
possessed  equivalent  antibody content.  The  "optimal protective quantity" in 
each  case was 0.05 cc.  In order to demonstrate the prozone in the case of im- 
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mune  horse  serum,  0.4  cc.  was  used.  The  infective inoculum in  each  instance 
was 0.1 cc. of an 18 hour blood broth culture of a highly virulent Type I  Pneumo- 
coccus.  The  total  volume  of  each  serum-culture  mixture  was  1.0  cc.  Each 
TABLE  I 
Summary of Observations on the Protective Action of Antipneumococcus Horse and 
Rabbit Sera 
Observation 
Unsacriticed control  mice 
Total No. 
No. surviving 
Survival rates, per cent 
Mean per cent  of the  total  pneumo- 
cocci  found  intraceUularly 
Extracellular pneumococci  per 
c.mm. of  peritoneal  washings 
Average No. of white cells per c.mm. 
of peritoneal washings 
Mean per cent of white cells active 
as phagocytes 
Mean  phagocytic  indices  (No.  of 
engulfed pneumococci per ac- 
five phagocytic cell) 
Time after 
infective 
inoculation 
15 rain. 
lhr. 
2 hrs. 
4  " 
15 rain. 
1 hr. 
2 hrs. 
4  " 
15 rain. 
1 hr. 
2 hrs. 
15 rain. 
1 hr. 
2 hrs. 
4  " 
15 min. 
1 hr. 
2 hrs. 
4  " 
0.4 cc. of serum 
orse  Rabbit  Horse 
19  11  62 
1  11  45 
51  100  75 
2  2  II 
$  7  39  1 
4  38  36 
24  97  97 
,,390  19,440  10,800] 
.740  40,020  4,070  ] 
.,980  33,740  !0,580! 
;,460  1,370  690] 
2,320  2,230  1,970 
2,890  1,880  1,5001 
2,280  3,940  2,780 
6,340  12,870  8,900 
8  6  '7 
8  19  15 
9  31  5 
34  17  5 
14  $  48 
7  10  14 
22  27  34 
33  16  14 
0.05 cc. of serum 
Rabbit 
43 
39 
91 
6 
40 
69 
100 
19,210 
20,600 
9,720 
0 
2,970 
2,770 
2,430 
8,160 
8 
17 
26 
7 
6 
24 
36 
13 
figure in the various protocols represents  the mean of determinations on four or 
more mice. 
Experiments  were arranged  to compare  the course of the  infectious 
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amounts of horse and rabbit immune sera.  The results of these studies 
are shown in Table I.  Figures which are considered more noteworthy 
for reasons to be cited, are shown in bold face type. 
On the basis of our present knowledge a  complete analysis of these 
findings is exceedingly dit~cult, since many of the factors involved in 
the  infectious  process  are  often  confusingly  interrelated.  It  will 
suffice, however, to point out the essential facts and correlate these 
with  the  variables  which  appear  to  be  related  to  the  nature  and 
amount of the immune serum. 
1.  It will be noted that the survival  rates were high except with the excess or 
prozoning amount of immune horse serum. 
2.  The rate at which  phagocytosis  was accomplished  was different  for each 
amount  of  serum.  There  is  a  particularly  striking  differentiation,  for  ex- 
ample,  at  1 hour.  It  will be  noted that  at  this  time,  with  both  horse  and 
rabbit  sera,  a  large  amount delayed  the rate of phagocytosis.  After this  time 
period,  however,  the  inhibitory  effect  of  the  excess  amount  of rabbit  serum 
became less marked,  whereas  with  the  prozoning  amount of horse  serum  the 
inhibition  remained. 
3.  With regard to the number of extracellular  pneumococci it should be indi- 
cated that the figures given are not absolute, and therefore minor differences may 
be  disregarded.  One  point  is  very significant,  however.  With  the  prozoning 
amount  of horse  serum  a  very rapid  and  almost  unchecked  multiplication  of 
bacteria occurred after the first hour.  This result differs little from those previ- 
ously reported (2) with reference to the infectious process in the absence of im- 
mune  serum.  This  effect is  undoubtedly related  to  the  marked  inhibition  of 
phagocytosis, as will be indicated below.  It is presumed that some multiplication 
also occurred under the other conditions, but it is obvious that in the latter cases 
active phagocytosis  tended to keep the number of extracellular  pneumococci at 
relatively  low levels. 
4.  With respect  to the numbers  of peritoneal  white cells it will be noted that 
during the first  2 hours  there was little  difference under the various  conditions. 
At 4 hours, however, definite changes had occurred.  Thus with the large amount 
of horse serum the mean number of white cells per cubic millimeter of peritoneal 
washings was 5,340, while with the corresponding amount of rabbit serum there 
were 12,370.  There was no marked difference between  the results when the two 
sera  were used in smaller  amounts.  From these  results  it is obvious  that the 
large amount of horse serum inhibited  the leukocytic response, whereas with the 
corresponding amount of rabbit serum  an exaggerated  response was obtained. 
5.  The figures with regard to the proportion of white cells active as phagocytes 
are obviously of comparative value only during the first hour, since in this phase 
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rive of the amount and species source of the immune serum.  Within the earlier 
time periods only one fact is outstanding: large amounts of immune horse serum 
inhibit phagocytosis, whereas with immune rabbit serum in the same quantity 
the result obtained is unaltered from that with the optimal protective quantity. 
6. With respect to phagocytic indices, it has previously  been pointed out that 
this index is partly  conditioned by the  tightness with which the pneumococci 
are agglutinated.  For example, with large amounts of serum one observes that 
the capsules are definitely more swollen than when smaller amounts of serum are 
employed, and  consequently in  the  former case fewer individual bacteria are 
found in dumps having the same dimensions.  Since  immune rabbit serum pro- 
duces an even greater degree of capsular swelling, it was expected that these 
phagocytic indices might be somewhat lower.  These  predictions were borne out 
by the results observed during the first hour, but the indices after this time are 
probably of little significance  because of other changes which had occurred. 
It would be fortunate indeed if one could take these several deter- 
mined variables and from them, either directly or after suitable weight- 
ing,  determine  the  quantitative importance  of  the  various  factors 
involved in the protective action of  immune serum.  At  this  time, 
however, an analysis of this order is not possible. 
TheSe observations permit the conclusion that the prozone in pro- 
tection tests with antipneumococcus horse serum is due primarily to a 
marked inhibition of phagocytosis brought about by the use of an 
excess of serum.  This inhibition is so extreme during the first 2 hours 
(the monocytic phase  (2))  that rapid multiplication of the pneumo- 
cocci  occurs.  Subsequently  (during  the  polymorphonuclear phase) 
this inhibition is not apparent, but for the complete removal and de- 
struction of the now enormous number of bacteria the number of white 
cells is insufficient, since with the large amounts of horse serum the 
leukocytic response is decreased.  With comparably large amounts of 
rabbit serum there is no inhibition of phagocytic activity at any time, 
but the rate of removal of bacteria is somewhat low in the earliest 
phases of the process because of the low phagocytic index, which in 
turn is dependent upon the marked capsular swelling induced by rabbit 
serum. 
Although these experiments give information concerning the manner 
in which the protective process is modified by prozoning amounts of 
immune horse serum, they offer no satisfactory answer to the question 
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The more obvious explanation is that immune horse serum contains 
some substance which inhibits phagocytosis per se, and that this sub- 
stance is not present in immune rabbit serum.  It has already been 
reported  (2)  that  various  sera,  protein  solutions,  etc.,  inhibit  the 
phagocytosis  of  rough  pneumococci.  Experiments  were  therefore 
carried out to  determine the comparative inhibitory effects of horse 
and rabbit serum under these conditions.  It was found that both of 
these sera, if used in large amounts, produce a  definite and almost 
equal inhibition of phagocytosis of rough pneumococci, but that this 
effect is only apparent immediately after the injection of serum and 
culture.  By the end of the first hour the phagocytic rates in animals 
which had received either of the sera were quite similar to those found 
in  animals receiving no  serum.  At no time did the immune horse 
serum cause an inhibition of phagocytosis greater than that produced 
by immune rabbit serum. 
As a second method of study, experiments were carried out in which 
various heterologous materials were added to the injection mixtures of 
type-specific immune sera and virulent Type I pneumococci. 
The results of these experiments are shown in Table II.  It will be 
noted that with the optimal protective amount of this lot of horse 
serum the survival rate was 74 per cent.  With four times this amount 
the rate was only 25 per cent.  Neither egg white nor normal rabbit 
serum caused  a  significant reduction in  the expected survival rate. 
The rate with Type.II antipneumococcus horse serum was decreased. 
With  a  concentrated antimeningococcus horse serum,  and with the 
serum of a rabbit fed with cholesterol for 10 days, a very marked de- 
crease in the rate of survival was obtained.  The contrasting results 
with normal and with lipemic rabbit serum are very striking. 
With immune rabbit  serum, on the other hand, not only does an 
excess amount fail to produce a prozone, but no significant inhibition of 
protection is obtained upon the addition of the various heterologous 
materials. 
These findings lead to certain deductions as to the essential causa- 
tion of the prozone phenomenon with antipneumococcus horse serum. 
1.  From the studies on the phagocytosis of rough pneumococci it is 
apparent that immune horse serum contains no unique heterologous 
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2.  It is possible, however, that the prozoning effect is directly re- 
lated to some property of the specific antibody or to some property of 
the resultant of antigen-antibody union.  This possibility is strongly 
supported by certain experimental facts:  (a) The prozone is obtained 
with immune horse serum and not with immune rabbit serum.  (b) 
The prozoning effect with immune horse serum is greater the higher 
the  antibody  content  (1).  (c)  The  protective  action  of  optimal 
amounts of antipneumococcus horse serum may be blocked by certain 
TABLE  II 
Effect of Heterologous  Materials on the Protective  Action of Antipneumococcus Sera 
Each mouse  received 0.1 cc. Type I pneumococcus 
broth culture pltts the following  reagents 
~.05 co. specific immune serum 
~.2  "  "  "  " 
3.05  "  "  "  "  +  0.15  cc. 
egg white 
~.05 cc. specific immune serum q- 0.15 cc. 
normal rabbit serum 
3.05 cc. specific immune serum -b 0.15  cc. 
Type II antipneumococcus serum 
3.05 cc.  specific immune serum -b 0.15  cc. 
concentrated antimeningococcus serum 
3.05 cc.  specific immune serum q- 0.15  cc. 
lipemic rabbit serum 
Antipneumococcus 
horse serum 
Tot~ 
38 
16 
17 
17 
16 
17 
19 
vival 
Antipneumococcus 
rabbit serum 
Sur-  Sur-  ~val  Total 
rote  mice 
28  74  18  18 
4  25  15  15 
12  71  12  12 
11  65  12  11 
8  50  12  12 
4  24  12  12 
4  21  12  12 
Sur-  Sur- 
vival  viral 
rate 
t~tr ¢t~ 
loo 
lOO 
loo 
9'I 
loo 
too 
lOO 
heterologous reagents.  The  contrary  is  true  with  immune rabbit 
serum. 
3.  These results support the view that the prozone is due primarily 
to a unique property of the horse antibody and secondarily to some 
heterologous component of the immune serum, possibly of a lipoidal 
nature.  It  is  conceivable that  the immune  reaction product with 
antipneumococcus horse serum may have  the capacity to  combine 
with some detrimental lipid component of the serum.  This conjec- 
ture is supported by chemical studies as to the lipid content of immune 
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tates formed by the union of capsular polysaccharide and antipneumo- 
coccus horse serum selectively adsorb  cephalin, while those formed 
with immune rabbit  serum fix lecithin. 
That the results in protection tests with antipneumococcus horse 
serum should be  different from those with  specific  immune rabbit 
serum is not surprising in view of their many distinctive properties. 
SUMM~dR¥ 
1.  Type I  antipneumococcus horse serum, in amounts exceeding a 
characteristic optimum, fails to protect mice against infection with the 
homologous type pneumococci.  This failure is due to a  marked in- 
hibition  of  the  phagocytic mechanism in  the  earlier  stages of the 
infectious  process.  On  the  other  hand,  antipneumococcus rabbit 
serum in similar quantities does not inhibit phagocytosis, nor does it 
block the protection. 
2.  The experimental evidence suggests that the prozoning action of 
immune horse serum is due primarily to some characteristic property 
of the specific antibody and secondarily to an heterologous component 
of the serum, ineffective in itself but acting through the mediation of 
the antigen-antibody combination.  This secondary factor may be a 
lipid. 
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